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PREFACE 
 
In the first  Fennoscandian  Regional Workshop on Hardrock Hydrogeology  in 
Äspö in 1998 the topics were focused on groundwater chemistry and groundwater hy-
drology with emphasis on long term changes and scale problems, both in relation to 
the geological evolution. 
 
In the second  workshop  in Oslo in 2001 the topics  covered the following: Geo-
thermal energy, low temperature, water supply, water quality and environmental and 
resource aspects. 
 
In this third workshop in Helsinki in 2004 the topics were formulated as follows: 
 
o Assessment and exploration of hardrock groundwater resources 
o Flow and transport  study methodology 
o Studies of groundwater quality: health risks assessment, problems          
solutions and feasible water treatment techniques 
o Hardrock hydrogeology in underground construction and rock engineer-
ing 
o Geochemical studies for determination of long-term behavior of deep 
groundwaters 
 
Total   17  oral presentations were made and 4  posters were presented. 
 
The two keynote lectures were given by prof. Jiri Krasny from  the Charles Uni-
versity in Prague, Czech Republic  and prof.   Shaun K. Frape  from  the University of  
Waterloo in Ontario, Canada . 
 
The local organization committee consisted of the following professionals: 
  
Research Professor Runar Blomqvist Geological Survey of Finland 
Ph.D.Jussi Leveinen   Geological Survey of Finland  
Professor  Juhani Karhu   University of Helsinki,  
    Geological Department 
Director Timo Äikäs   Posiva Ltd 
Professor Heikki Niini  Technical University of  
    Helsinki 
Ph.D. Esa Rönkä   Finnish Environment Institute 
Programme Specialist Annukka Lipponen  Finnish Environment Institute,  
    currently in UNESCO 
Senior Coordinator Tuulikki Suokko Finnish Environment Institute 
 
The workshop was sponsored by Maa- ja vesitekniikan tuki ry (The Land and 
Water Technology Foundation). 
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1  ASSESSMENT AND EXPLORATION OF HARDROCK 
GROUNDWATER RESOURCES 
 
1.1 Hydraulic characterization of hardrock aquifers of the 
South Portuguese Zone (South Portugal), using step test 
analysis by AQFIS and STEPREGR software 
 
Chambel, Antonio 
Dep. Geociências, Universidade de Évora, Évora, Portugal 
 
ABSTRACT 
The hydrodynamic characterization of hardrock aquifers is complex, due to the 
high heterogeneity and anisotropy of the fracture net that stores and conducts the wa-
ter. 
Mértola municipality is located on South Portugal and the geology of the area is 
characteristic of the South Portuguese Zone, the southernmost geostructural division 
of the Iberian Igneous and Metamorphic Massif affected by the Hercynian Orogeny: 
mainly slightly metamorphic schists and graywackes, and a meta-volcano-sedimentary 
complex, this one involving acid and basic rocks of volcanic origin. 
Ten deep wells were built on the area and, in nine of them, pumping and recovery 
tests were performed to measure in situ transmissivity. 
The interpretation was based on two different approaches: the AQFIS and 
STEPREGR programs. 
The AQFIS (Oliveira, 1990) is based on the equation of hydraulic diffusivity in 
double porosity media, established by Barenblatt et al. (1960). Warren & Root (1963), 
Kazemi et al. (1969), Streltsova (1976) and Boulton & Streltsova (1977), between 
others, had brought significant progresses to this theme. These authors had considered 
the fractured media as porous blocks keep apart by fractures of infinite extension, and 
established solutions to transitory regimen, including the effect of elastic compressi-
bility of fractures and porous blocks. Other authors, as Gringarten & Ramey (1974), 
Jenkins & Prentice (1982) and Pinto (1987) used a different kind of approach, consid-
ering fractures of finite extension. The double porosity model fits to a media were two 
systems coexist, one of porous blocks, with low permeability but high storage capac-
ity, and other of fractures, with higher permeability but low storage capacity: the wa-
ter course will be mainly related with the fractures and the storage with the blocks. 
The theoric bases of the STEPREGR (Almeida et al., 1989) can be used in aqui-
fer tests where the piezometric levels are measured on the pumping well. The several 
steps of the aquifer test can be used by this program to define, for each one, a trans-
missivity value, witch will represent the characteristic heterogeneity of the fractured 
media. 
The transmissivity values obtained by AQFIS and STEPREGR programs for the 
nine wells (Table 1) will be discussed. 
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Table 1.  Transmissivity values based on the interpretation of AQFIS and STEPREGR programs, and  
litologic characterization of each of the well logs. 
 
Place Well Number Litology Fracturing at sur-face 
Presence of quartz 
veins 
Inter-joining of 
quartz veins 
AC1 Schist No Very few No Mina de S. Do-
mingos AC8 Lidite and schist No Many Medium 
AC2 Schist No Very few No 
A. S. Morena 
AC10 Graywacke Yes Medium Medium 
Monte Negas AC3 Schist Yes Many Medium 
AC4 Schist No Many No 
Mosteiro 
AC5 Schist No Few No 
AC6 Schist and gray-
wacke Yes Many Good Corte Gafo de 
Baixo AC7 Graywacke and 
schist Yes Many Good 
Picoitos AC9 Graywacke and 
schist Yes Very few No 
 
Transmissivity 
AQFIS STEPREGR Place Well Number 
Deepness 
(m) 
Number of me-
ters where the 
presence of 
quartz veins is 
effective 
Percentage of the 
well profile with 
quartz veins, in 
function of the 
total deepness T 
(m2/dia) Steps 
T 
(m2/dia) 
AC1 107 73 68 0.25 3º 1.5 
1º 2.5 Mina de S. Domingos AC8 110 90 82 3.4 
2º 0.9 
AC2 74 22 30 0.07 - - 
1º 4.4 A. S. Morena 
AC10 45 37 82 4.6 
3º 8.4 
1º 4.2 
2º 2.6 Monte Negas AC3 120 82 68 3.8 
3º 1.4 
1º 0.85 
2º 0.81 AC4 80 44 55 0.85 
3º 0.5 
Mosteiro 
AC5 35.25 11.25 32 - - - 
1º 4.5 
AC6 70 50 71 3.3 
2º 9.4 
2º 3.7 
Corte Gafo de 
Baixo 
AC7 71 31 44 3.0 
4º 18.3 
1º 4.4 
2º 3.0 Picoitos AC9 100 40 40 4.4 
3º 8.4 
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1.2 Borehole measurements in drilled wells of Leppävirta: 
comparing performance of equipment and assessing the sensi-
tivity 
 
1Lipponen, A., 2Tossavainen, J. & 3Rönkä, E. 
1
 Finnish Environment Institute, presently UNESCO, Paris, France 
2
 Southeast Finland Regional Environment Centre, Kouvola, Finland 
3
 Finnish Environment Institute, Helsinki Finland 
 
ABSTRACT 
Results of borehole geophysical measurements (Wellmac-LI) that require addi-
tional geophysical expertise, carried out by Astrock Oy, are compared with measure-
ments by a multi-parameter sonde and a simple conductivity-T sonde. The objective is 
to assess the amount of information that can be delivered by the two latter methods, 
which are more affordable and commonly more accessible to a practising hydrogeolo-
gist. The surveyed drilled wells are located in Precambrian mica gneiss and granite in 
Leppävirta, eastern Finland. One has an adequate yield for municipal water supply, 
but the other is a low-yield one. The main parameters compared are T and electrical 
conductivity. The multi-parameter sonde also measured oxygen, oxygen saturation %, 
depth,  pH, oxygen-redox potential and chloride concentration.  
The advantages of the common sondes are the accessibility, affordability and the 
low level of experience required for successful measurements. The information ob-
tained, however, is commonly limited to T and certain water quality parameters. In-
formation on the groundwater flow properties of the bedrock can only be inferred in-
directly. For the tested sondes the depth reach is limited to 50 m, which in many cases 
can be considered adequate for surveying the more fractured surface zone of the bed-
rock that has the most dynamic flow conditions. The methods indicate the greatest 
variation in the measured parameters in the uppermost part, especially above 20 m. 
The multi-parameter sonde gave mixed results: expectedly, T and pH changed 
very little below the uppermost few meters, whereas the measured chloride concentra-
tion clearly had a larger amplitude of variation. All the methods captured - to a differ-
ent extent - the gradual, undisturbed increase in T (winter) and in the conductivity of 
water as a function of depth, the latter commonly being linked to an increase of dis-
solved solids. For the borehole geophysics, fluid resistivity is the corresponding pa-
rameter. The more dynamic conditions in the high-yield well stand out, particularly in 
the zone at a depth of approximately 15 m where the casing ends. This zone appears 
as a maximum both in T and as a more pronounced one in the conductivity data. The 
chloride measurement also picks a peak at this depth.  
For a proper functioning and especially for quantitative interpretation, regular 
calibration of the measuring equipment is crucial. An increasing number of parameters 
and level of sophistication add to the calibration and maintenance need. Relative 
variation within a borehole can be observed with a higher level of confidence. Survey-
ing with sondes detecting more explicitly changes in water quality can be comple-
mented by adding to borehole geophysics parameters that provide information also on 
the rock mass beyond the immediate surface. 
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1.3 Groundwater in the hard bedrocks of Estonia 
 
1Systra, Ylo & 2Perens, Rein 
1Tallinn University of Technology, Tallinn, Estonia  
2Geological Survey of Estonia, Tallinn, Estonia 
 
ABSTRACT 
The thickness of the Vendian-Devonian sedimentary cover of Estonia increases 
from 125 m in the north to 500-600 m in the south. The total amount of groundwater 
in the hard bedrocks is nearly 2000 km3 (Vallner, 1997). There are 5 main aquifer sys-
tems in the hard bedrock of Estonia, separated from each other by aquitards of differ-
ent isolation capacity. Pore waters at the deeper level have high contents of dissolved 
solids and can be used only as mineral waters. All aquifers are divided into zones of 
active and passive water exchange with boundary between the zones at the depth of 
approximately 200-250 m. In the active groundwater exchange zone the content of 
dissolved mineral salts is about 0,3-0,4 g/L and very often water meets the standards 
of a very good quality of drinking water. In the passive exchange zone the content of 
dissolved salts reaches or exceeds 1,0 g/L. Mineral water in some wells of South and 
West Estonia contains up to 4,5-21,7 g/L of dissolved salts. In the Western Estonia 
and on islands the groundwater composition is influenced by seawater. In Ida-
Virumaa county, Ordovician and Ordovician-Cambrian aquifer systems are strongly 
influenced by oil shale mining, the amount of groundwater being pumped out from 
mines making up about 600 000 m3 per day. For all kinds of water supply in Estonia, 
only 156 000 m3 per day is used. In all aquifers Fe content often (30 % and more 
wells) exceeds 0,2 mg/L, sometimes in Devonian aquifers even 1,0 mg/L. In the Silu-
rian-Ordovician aquifer system the content of fluorides sometimes reaches 5,5-7,2 
mg/L in western Estonia and 3,2 mg/L in Tartu. In the Cambrian-Vendian aquifer sys-
tem the content of radio-nuclides is high, approaching the limits of potability.   
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1.4 The interaction of seawater and fissured water of the 
basement of the Gulf of Finland basin  
 
Viventsova, E.  & Voronov, A.  
St. Petersburg State University, Geology Faculty, Dept. of Hydrogeology, St. Petersburg, Russia 
 
ABSTRACT 
In the northern part of the basement of the Gulf of Finland there is groundwater 
discharge into the sea. The upper part of the basement rocks contain fissured water. 
The crystalline basement (AR-PR) is near the surface only in the northern part of the 
Karelian Isthmus, dipping steadily southwards to reach a depth of hundreds of meters 
below surface. 
Southwards it is the formation, which contains the Gdov aquifer. That’s Vendian 
sandstone 150-meter thick rests on the irregular surface of the crystalline basement. 
The Gdov aquifer is very well protected against surface contamination by the overly-
ing thick Kotlin clay. This horizon is widely spread under aquatory of the Gulf of 
Finland. The Gdov aquifer is used for supply purposes and as a source of drinking wa-
ter. The horizon extends in 100-150 meters deep before sinking southwards to greater 
depth where is under hydraulic relation with fissured water. 
There is some reason to consider that’s the hydraulic relation between Gdov aqui-
fer and seawater which are associated with hydrogeological opening of glacial sedi-
ments and tectonic zones, also there is high level of Gdov aquifer. Thus, all of the 
facts confirm the possibility of groundwater and seawater interaction, which is re-
flected into the chemical composition of seawater and marine sediments. 
Unfortunately, the interaction between seawater and groundwater, the groundwa-
ter discharge into the sea have not been taken into account while is analyzing the qual-
ity of the Baltic environment. 
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1.5 Exploration of bedrock aquifers by geophysical methods – 
Experiences from Northern Finland 
 
1Lanne, E., 2Lehtimäki, J., 1Turunen, P., 2Vanhala, H. & 1Väisänen, U. 
1Geological Survey of Finland, Rovaniemi, Finland 
2Geological Survey of Finland, Espoo, Finland 
 
ABSTRACT 
On glaciated areas, topographic evidences of fracture zones may be weak or mis-
leading. However, the fracture zones have specific physical properties and they can be 
studied by many geophysical methods. Most crucial is the refraction seismic method, 
because the reduction of the seismic rock velocity depends directly on fracturing. Un-
fortunately it is quite costly, the lines must be oriented carefully and, during winter-
time, the frozen soil prevents the surveys. Therefore, probable fracture zones should 
be delineated by other geophysical methods, too. On low-altitude airborne magnetic 
maps they form linear magnetic lows because of the decay of magnetite. Fracture 
zones contain water, clay minerals and dissolved ions. Therefore, the electrical resis-
tivity is lower than in the surrounding fresh rock (assuming that there are no sulphide 
or graphite bearing rocks, which should be avoided in any case). In the gravity field 
there should be a minimum because of a trough in the surface of the bedrock and the 
lower rock density. In our study we used different methods stepwise; by cheaper 
methods one can reject unsuitable targets. Another advantage of using several meth-
ods is the more versatile understanding of the properties of the fracture zones and the 
disturbing effects.  
Analyses of water samples, which are from test wells, show that the water is un-
der anaerobic conditions and thus it is deep-seated ground water. The quality of the 
water is generally good, though excess iron and manganese is common. Another qual-
ity problem encountered is radon, which is generally measured by standard laboratory 
methods. Radioactive daughter , 214Bi , of radon can as a gamma emitter be used to 
study the radon content of water. Preliminary experiments showed that the use of a 
handheld gamma-spectrometer offers a fast and cheap semiquantitative method to es-
timate the radon risk of the ground water. 
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2  FLOW AND TRANSPORT STUDY METHODOLOGY 
 
2.1 Bedrock hydrogeological studies at Palmottu 
 
1Ahonen, Lasse, 2Aalto, Pauliina, 1Paananen, Markku & 3Ludvigsson,Jan-Erik  
1Geological Survey of Finland, Espoo, Finland 
2SCC Viatek Oy, Turku, Finland 
3Geosigma AB, Uppsala, Sweden   
 
ABSTRACT   
Palmottu is a small uranium occurrence in Nummi-Pusula, where the ore-
evaluation studies were carried out in the beginning of 80’s. During that time, the de-
velopment of final disposal concept for nuclear wastes of the Finnish power plants be-
came an important issue, including site-selection, research & development, and safety 
analysis. It was understood that the relatively U-rich bedrock of Palmottu could serve 
as a natural analogue for the behaviour of spent U-fuel buried into the bedrock. Very 
soon the Palmottu study focussed on the characterization of radionuclide transport 
processes in the bedrock. Consequently, major efforts were addressed to the determi-
nation of hydrogeological properties and flow conditions of the bedrock. 
The regional, catchment-scale, hydrological pattern and water balance was esti-
mated and combined with bedrock-structural information. The major flow-routes and 
infiltration pathways around the site proper were identified. The most intensive re-
search activity was focussed on the U-deposit site (about 500 x 500 m), where more 
that 60 cored boreholes were drilled during ore exploration phase. More than 30 of 
these drillholes were utilized in hydrogeological studies of the analogue project. Addi-
tionally, six research boreholes of various lengths were drilled during the project, the 
deepest reaching the depth of 410 meters (length 553 m). 
The drillhole-study campaign comprised a broad range of drillhole geophysical 
studies, including thermal, electrical and electromagnetic logging methods. The drill 
cores were systematically logged for lithology and fracturing. Video survey was car-
ried out in most of the available drillholes. Hydrogeological studies included single-
hole hydraulic slug-tests, spinner tests and difference flow measurements.  
After locating the most important potential water-conducting fractures, the drill-
holes were plugged with 1 to 3 packers to isolate different fracture zones in order to 
recover the original hydraulic head field. Head monitoring was then carried out on 
weekly basis during several years period. A very extensive crosshole test campaign 
was carried out in the packed-off borehole field (50 packed-off head-monitoring sec-
tions + 23 free water tables). Finally, a tracer test with 3 different dyes injected into 
different packed-off sections was carried out.  
This presentation is focussing on the hydrogeological and geophysical methodol-
ogy used, including also the most important results and conclusions. 
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2.2 A case study of lineaments, in situ rock stresses and 
groundwater flow in the  hardrocks of Sunnfjord, Western 
Norway 
 
1Henriksen, Helge &  2Braathen, Alvar  
1Sogn og Fjordane University College,  Faculty of Engineering and Science, Sogndal, Norway/ 
Univ. of Bergen, Dept. of Earth Science, Bergen, Norway 
2Centre for Integrated Petroleum Research, Bergen, Norway. 
 
ABSTRACT 
A systematic field mapping of fracture related lineaments observed on aerial pho-
tographs shows that almost all of these structures are positively correlated with zones 
of high macroscopic and mesoscopic fracture frequencies compared with the sur-
roundings. 
The lineaments are subdivided into zones with different characteristics: 1) a cen-
tral zone with fault rocks, high fracture frequency- and connectivity but commonly 
with mineral sealed fractures, and 2) a damage zone divided into a proximal zone with 
a high fracture frequency of lineament parallel, non-mineralized and interconnected 
fractures, grading into a distal zone with lower fracture frequencies and which is tran-
sitional to the surrounding areas with general background fracturing.  
To examine the possible relations between lineament architecture and in situ rock 
stress on groundwater flow, the geological field work was followed up by in situ stress 
measurements and test-boreholes at selected sites. Geophysical well logging added 
valuable information about fracture distribution and fracture flow at depths. Based on 
the studies of in situ stresses as well as the lineaments and associated fracture systems 
presented above, two working hypotheses for groundwater flow were formulated: 
 
(i) In areas with a general background fracturing and in the distal zone of 
lineaments, groundwater flow will mainly occur along fractures parallel 
with the largest in situ rock stress  
(ii) In the influence area of lineaments, the largest potential for groundwater 
abstraction is in the proximal zone, where there is a high fracture fre-
quency and connectivity and negligible fracture fillings  
The testing of our two hypotheses gives not a clear and unequivocal answer in 
support of the two assumptions about groundwater flow in the study area. However, 
many of the observed data are in agreement with the predictions from the models, and 
can be explained by a neotectonic effect on the hydrogeological properties of the frac-
ture systems studied. 
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2.3 Modelling long-term drawdown in a hardrock aquifer by 
numerical optimization for groundwater protection design 
along highway 5 in Leppävirta, southeast Finland 
 
1Leveinen Jussi & 2Vallius Pekka  
1Geological Survey of Finland, Espoo, Finland 
2Finnish Road Enterprise, Kouvola, Finland 
 
ABSTRACT  
In Finland, geotextile layers and drainage collection systems are increasingly 
constructed along roads passing over aquifers in order to reduce the risks of ground 
water contamination by spills induced by traffic accidents and salts used to deice 
roads during winter. Therefore, the long-term drawdown is assessed in the fracture 
zones in the Pohjukansalo well field to support the design of such groundwater protec-
tion structures along the highway number 5. The well field, comprising seven bore-
holes, is a part of the municipal water supply in Leppävirta, east-central Finland, 
which is based entirely on hardrock ground water.  
With the present production rates, ground water levels are substantially lower 
than at the end of the pump test made previously to estimate the yield. Depression of 
hydraulic heads is presently probably substantially more extensive than during the 
pump tests what makes the use of simple drawdown extrapolations uncertain. In the 
assessment of drawdown effects, the mean monthly levels in 1999 were assumed to 
represent the stable condition and be a superposition of the two production wells. 
Pumping was assumed to produce chaneled flow in the pumped fracture zone but ra-
dial flow elsewhere in the fracture system. The drawdown estimated based on the gen-
eralized radial flow model (GRF) of Barker 1988, which had produced the most con-
sistent match with drawdown observations in the previous studies. A numerical opti-
mization algorithm was used first to model the optimal hydraulic conductivities for the 
two roughly NS-striking fracture zones comprising the main aquifer system. The in-
versely modelled hydraulic conductivities are 4 x 10-6 m/s and 1.1 x 10-5 for western 
and the eastern fracture zones, respectively, being slightly lower but off same magni-
tude as the results the previous pump test analyzes. Also the difference between calcu-
lated and observed drawdowns in the pumping wells are consistent with the previous 
estimates of skin effects. Based on the optimized model, the induced drawdown is 
over 22 m under the high way number 5 in both the NS-striking fracture zones. The 
depression may have spread close to the boundary of the ground water protection zone 
along a NW striking fracture zone. Finally, after estimating the potential effects of the 
drawdown on local ground water flow patterns the highway was divided into sections 
with different vulnerability classification and response scenarios. 
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2.4 Radon in groundwater of the magmatic rocks 
 
Voronov, A. & Viventsova, E. 
Saint-Petersburg State University, Geology faculty, Dpt. of Hydrogeology, St. Petersburg, Russia 
 
ABSTRACT 
One of specifics of groundwater of the magmatic rocks is high level of radioac-
tive components, such as radon and radium concentration. First of all, radon has a 
negative influence on human health and leads to ecological and geological problems 
for territories with high levels of radon in groundwater.  Radon-rich water has the 
highest therapeutic effect among curative mineral waters. Radon water is wide spread 
in the world and is used in spa and sanatoriums very actively.  Thirdly, radon is very 
informative indicator of hydrogeological and geological processes.   
The Baltic Shield is the region with high level of radon concentration. In Russia, 
the fissured water of the Baltic Shield is spread in Karelia, Murmansk and 
St.Petersburg region. Many of samples there concern high level of  radon (200 Bq/l) 
sometimes more than 1700 Bq/l. Water from uranium rich rock with maximum con-
centration of radon, e.g. uranium-rich granites and pegmatite commonly have radon 
concentrations in excess of 500 Bq/l. The same situation is in Karelia, also in Finland.  
Thus the geochemical properties of fissured groundwater and their isotopic com-
position could be useful identificator to research the process of forming the groundwa-
ter-resources and to analyze the time of water circulation. 
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3  HARDROCK HYDROGEOLOGY IN UNDERGROUND 
CONSTRUCTION AND ROCK ENGINEERING 
 
3.1 Hydraulically conductive fractures and their properties in 
boreholes KR4 and KR7 – KR10 at Olkiluoto site, Eurajoki 
 
1Hellä, P., 2Tammisto, E.  & 2Ahokas, H.  
1Geological Survey of Finland, Espoo, Finland 
2 Jaakko Pöyry Infra, JP-Fintact, Vantaa, Finland 
 
ABSTRACT 
As part of the program for the final disposal of the nuclear fuel waste, Posiva Oy 
investigates the prevailing hydrological conditions at the Olkiluoto island. Hydraulic 
properties of fractures are of interest for the groundwater flow modelling and for 
planning of grouting and analysis of leakages etc. The detailed flow logging with 0.5 
m test interval and made in 10 cm steps is used for exact depth determination of hy-
draulically conductive fractures or fracture zones. Together with borehole wall images 
flow logging provides possibilities to detect single conductive fractures. 
The results of flow logging are combined to the fracture data and other rock 
properties. Boreholes KR4, KR7, KR8, KR9 and KR10 have been selected as pilot 
holes. The conductive fractures were recognised from the images primarily based on a 
visible flow traces along the image. In most of the cases of measured flow, no visible 
flow traces were seen in the image. In these cases the most probable fracture(s) to 
conduct the flow were picked using the single point resistance measurements as sup-
portive information.  
The hydraulic conductivity is clearly higher in the upper part of the bedrock in 
the depth range 0-150 m below sea level than deeper in the bedrock. The frequency of 
hydraulically conductive fractures in depth range 0-150 m varies from 1 to 3 in 10 m 
sample length. Deeper in the rock the conductive fractures are less frequent, but occur 
often in small groups of few fractures. 
The main new information got in this study is the orientation of the conductive 
fractures. The orientation of the hydraulically conductive fractures seems to be more 
varying than that of the all fractures. About 20 % of the conductive fractures are 
within fracture or crushed zones and another 20 % within 10 m distance from the 
zones.  
 
Keywords: Hydrology, hydraulic conductivity, transmissivity, flow logging, 
fracture, borehole-TV, wall image, disposal of spent nuclear fuel 
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3.2 Hardrock hydrogeology in the construction of the ONKALO 
underground rock characterisation facility 
 
1Riekkola, R. & 2 Sievänen, U.  
1Saanio & Riekkola Oy, Helsinki, Finland  
2Jaakko Pöyry Infra, Suoraplan Oy,Vantaa, Finland 
 
ABSTRACT 
The spent fuel from the Finnish nuclear power plants will be disposed of at 
Olkiluoto in the municipality of Eurajoki. In the summer 2004 Posiva will start the 
excavation of the deep underground facility to characterise the suitable bedrock vol-
umes for the deep repository for the spent fuel. The facility, named as ONKALO, 
shall be designed and constructed to enable further characterisation and research of the 
host rock without jeopardising the favourable properties of the repository site keeping 
in mind the long-term safety. The deep repository itself will be excavated later, in 
2010s but it should be possible to link the ONKALO later to the repository so that 
they are integrated. According to current plans, the repository will be constructed in 
the hard bedrock at the depth of about 400-500 m.  
The open tunnel system of the ONKALO will affect the flow and salinity distri-
bution of the groundwater in the host rock. The inflowing water and its consequences 
as a disturbance to the geological environment are one of the major concerns from the 
constructability and the long-term safety point of view. The need to preserve the integ-
rity of the geological environment causes that the use and the amounts of certain mate-
rials for preventing the leakages are limited or forbidden. A balance has to be found 
between the disturbance caused by leakage itself and the one caused by the methods 
used to limit them. 
Posiva organised a project "Control of Groundwater" to identify and develop the 
ways to control the foreseen disturbances caused by groundwater inflow into the 
ONKALO and the deep repository. The major tasks of the project included an assess-
ment of impacts of water inflow, collecting experiences from Nordic tunnelling pro-
jects, an estimation of the amount of water inflow at Olkiluoto, an evaluation of the 
grouting conditions at Olkiluoto, a preliminary design of the sealing principles and 
grouting material studies. These subtasks resulted in a preliminary conception of the 
amount and the distribution of the water inflow, as well as, of grouting conditions at 
Olkiluoto. Furthermore, preliminary sealing principles for the underground facilities 
were suggested. The primary method to limit leakages, presented and discussed in the 
paper, is to carefully select the locations of the underground facilities and their surface 
connections, i.e. avoiding intersections with major fracture zones. The main technical 
way foreseen to control the leakages is pregrouting of the rock, which is frequently 
used in ordinary tunnelling projects. Since the target inflows are very low and there 
are limitations for activities and materials, the foreseen problems in water inflow con-
trol culminate to the very small fracture apertures and high hydrostatic pressure in the 
deep bedrock. 
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3.3 Simulation of hydraulic disturbances caused by the under-
ground rock characterisation facility in Olkiluoto, Finland 
 
1Löfman, Jari &  2 Ferenc Mészáros  
1VTT Processes, Espoo, Finland 
2The Relief Laboratory, Hárskút, Hungary 
 
ABSTRACT 
Spent fuel from the Finnish nuclear power plants will be disposed of in a reposi-
tory to be excavated in crystalline bedrock at a depth of 400-700 metres in Olkiluoto. 
The extensive site investigations carried out since the early 1980's will next focus on 
the construction of an underground rock characterisation facility (ONKALO) in 2004-
2010.  
The open tunnel system will constitute a major hydraulic disturbance for the site's 
groundwater conditions for hundreds of years. Especially, inflow of groundwater into 
the tunnels results in a drawdown of groundwater table and upconing of deep saline 
groundwater, which the present study aimed to assess by means of a 3D finite element 
simulation. 
The modelled bedrock volume, which horizontally covered the whole Olkiluoto 
island, was conceptually divided into hydraulic units, planar fracture zones and 
sparsely fractured rock between the zones, which were both separately treated as po-
rous media. The geometry of the fracture zones was based on the geological bedrock 
model. 
Simulations showed that without engineering measures (e.g. grouting) taken to 
limit inflow of groundwater into the open tunnels, the hydraulic disturbances could be 
drastic. The tunnels draw groundwater from all directions in the bedrock. A major part 
of inflow comes from the well-conductive subhorizontal fracture zones intersected by 
the access tunnel and the shaft. The simulations show that the resulting drawdown of 
groundwater table may be from tens to hundreds of metres and the depressed area may 
extend for a large area over the island.  The results also indicate that the salinity of 
groundwater is gradually rising around and below the tunnel system, and locally con-
centration (TDS) may rise rather high in the vicinity of the tunnels. However, the dis-
turbances can significantly be reduced by the grouting of rock.  
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4  GEOCHEMICAL STUDIES FOR DETERMINATION OF LONG-
TERM BEHAVIOR OF DEEP GROUNDWATERS  
4.1 Approaches to lifetime estimations of natural fracture min-
eral buffers in the Olkiluoto bedrock 
 
Luukkonen, Ari, Pitkänen, Petteri & Partamies, Sami  
VTT Building and Transport, Espoo, Finland 
 
ABSTRACT 
The underground research facilities and final repository galleries in Olkiluoto will 
cause steep hydraulic gradients in the bedrock fractures. These gradients likely draw 
surficial waters within the fracture network, and activate weathering processes deeper 
in rock fractures than in the natural undisturbed conditions. Two approaches to calcu-
late the scenarios are utilised.  
The equilibrium geochemical calculations indicate that meteoric water presents 
the most potential hazard for the Olkiluoto fracture minerals. According to calculated 
infiltration cases, seawater and the contamination of meteoric water with seawater 
usually improved the performance of fracture buffers compared to the pure meteoric 
water cases. Of the Olkiluoto fracture minerals, calcite and pyrite turn out to be the 
most important buffer minerals against dissolved O2 and low pH in groundwater. 
The kinetic geochemical approach concentrated on two meteoric water cases in-
filtrating into a narrow fracture channel. Calculations consider the possibilities that in-
filtrating water is dissolved carbon containing soil water, or almost "distilled" rain wa-
ter. Pyrite and calcite are taken into account as the buffering minerals. It turns out that 
as long as volumetric flow rates within the 500-metre-channel are in the range 0.1–1 
L/h, the lifetime of buffers is extensive. The amount of dissolved carbon in the infil-
trating water has a large significance to the lifetime of calcite buffer. The more water 
initially contains dissolved carbon the faster calcite is consumed. However, a higher 
dissolved carbon contents in water form a better buffer against elevated pH values. 
All calculations are simplified, and are merely indicative of how long mineral 
buffers can stand during the open tunnel conditions, and what kind of breakthrough 
waters may be expected in the underground facilities. It is certain that there are plenty 
of potentially significant pH/redox affecting variables not taken into account in this 
study. 
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4.2 U-Th series studies as an aid to hardrock groundwater 
modelling 
 
1Nuria, Marcos & 2Suksi, Juhani 
1Helsinki University of Technology, Espoo, Finland 
2University of Helsinki, Department of Chemistry, Helsinki, Finland 
 
ABSTRACT 
The excavation of any underground space in hardrock may change the hydrologi-
cal and hydrogeochemical conditions at the site and its surroundings sometimes in a 
non-predictable way. It is known that fracture surfaces and their adjacent rock may 
register information of changes in the chemistry of the groundwater circulating within 
these fractures. This information may be obscured or lost due to excavation. There-
fore, in order to predict excavation induced modifications in fracture flow and future 
evolution, it is important to know pre-excavation evolution and current situation prop-
erly.  
Current groundwater flow models are based on the structural parameters of the 
bedrock (fracture characterization and density), pumping tests and groundwater flow 
measurements (Flowmeter). From these methods, the only one measuring natural flow 
rates is the flowmeter. However, any of these methods offer knowledge either on the 
evolution of the flow system or changes within it. One way to acquire this information 
is to study water-rock interaction induced geochemical signals. These signals are gen-
erated when flow conditions change. U-Th decay series contain radioactive elements 
which are sensitive to these changes and can therefore be used to study them. Due to 
variety of half-life decay series elements and their isotopes, these can also be used to 
establish relevant time correlation for the changes which is important in attempts to 
verify pre-excavation groundwater flow models used in underground construction.   
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4.3 Hydrogeochemical interpretation of baseline groundwater 
conditions at the Olkiluoto Site 
Pitkänen, Petteri, Partamies, Sami & Luukkonen, Ari  
VTT Building and Transport, Espoo, Finland 
 
ABSTRACT 
Olkiluoto at Eurajoki has been selected as a repository site for final disposal of 
spent nuclear fuel produced in Finland. An understanding of the hydrogeochemical 
groundwater conditions and evolution is essential in evaluating the long-term safety of 
the repository. The objective is to understand the processes and factors, which control 
the hydrogeochemistry, such as pH and redox conditions. A model of the hydrogeo-
chemical evolution in different parts of the crystalline bedrock at Olkiluoto has been 
created and the significance of chemical reactions and groundwater mixing along dif-
ferent flow paths calculated.  
This interpretation and modelling are based on water samples obtained from Bal-
tic sea, precipitation, groundwater in the overburden, shallow boreholes and deep 
boreholes in the bedrock for which a comprehensive data set on dissolved chemical 
species, isotopes and gases was available. The data covers the bedrock at Olkiluoto to 
a depth of 1000 m. The water-rock interaction, isotope-chemical evolution and mixing 
of palaeo water types are also interpreted with solubility and mass-balance calcula-
tions. 
The hydrochemical data reveal the complex nature of sources of salinity and 
chemical evolution at the Olkiluoto site. Changes in past climate and geological envi-
ronment have caused great variability in salinity (up to 80 g/l) and quality of ground-
waters. Infiltration and mixing of end-members, such as ancient brine, glacial melt, 
Litorina Sea and current meteoric recharge seem to yield a stratified hydrochemical 
system. Hydrogeochemical interpretations and chemical and isotopic calculations in-
dicate that pH seems to be dominantly controlled by thermodynamic equilibrium with 
calcite in fractures. The calculations also suggest that the main mass transfer in reac-
tions occurs at the millimole scale in the transition zones of redox conditions such as 
oxic conditions change to sulphidic in very shallow depth and sulphidic conditions to 
methanic at 300 m depth. Bacterial methanogenesis may show increasing importance 
in deep saline groundwater, although the major part of methane and other hydrocar-
bons are thermal in origin.  
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5  STUDIES OF GROUNDWATER QUALITY: HEALTH RISKS 
ASSESSMENT, PROBLEMS SOLUTIONS AND FEASIBLE 
WATER TREATMENT TECHNIQUES  
 
5.1 Quality problems of groundwater in housing areas of 
hardrock – Examples from  Stockholm archipelago 
 
Olofsson, Bo & Andersson, Erika  
Dept of Land and Water Resources Technology, Royal Institute of Technology,Stockholm, Sweden. 
 
ABSTRACT 
Geologically, large areas of western, southeastern and central eastern Sweden 
consist of hard crystalline rock, partially covered with thin layers of till. In the tectoni-
cally formed valleys in such areas, there is commonly found moderate to thick layers 
of clay. Groundwater storage in the crystalline bedrock is small, hence extraction of 
groundwater may lead to recharge of superficial groundwater and surface water, lead-
ing to water qualitative problems. Such problems are common in the Stockholm 
coastal area, where increasing extraction of groundwater gives salinity problems. In-
creasing use of water also leads to increasing production of sewage water. Infiltration 
of the sewage water sometimes contaminates the bedrock groundwater. A low dis-
charge rate of groundwater may on the other hand lead to other qualitative problems, 
such as increasing content of radon. The paper describes two examples from islands in 
Stockholm archipelago, Älgö island (Nacka municipality) and Ramsö island (Vax-
holm municipality). Groundwater wells have been sampled and analysed with regard 
to chloride, nitrogen and bacteria. Multivariate analyses of various topographical and 
geological factors have been carried out on data from Ramsö island in order to iden-
tify important factors for the groundwater quality problems. The paper also presents 
methods for quantitative estimations of groundwater resources in the areas and dis-
cusses the possibilities to increase the resources using technical solutions. Today, the 
resources of the islands can stand the population, since the houses are most consisting 
of summerhouses. Calculations using groundwater balance modelling show that in-
creasing permanent housing may lead to a collapse of the groundwater systems, espe-
cially on the island of Älgö. 
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5.2 Groundwater impacts of two natural stone quarries in ra-
pakivi granite and soapstone environments in Southern and 
Eastern Finland 
 
Breilin, O. & Paalijärvi, M. 
Geological Survey of Finland, Espoo, Finland 
 
ABSTRACT 
Groundwater impacts of natural stone production were investigated in a project 
lasting three years (1999-2002) coordinated by the Geological Survey of Finland (Aa-
tos 2003). The aim of the study was to produce information about the nature and ex-
tent of possible groundwater impacts related to natural stone production. For this 
study two natural stone quarry was selected, one representing rapakivi granite and one 
soapstone rock type in Southern and Eastern Finland. 
Field study sites were chosen after interpretation of local geological data and 
maps and also of airborne geophysical and topographical (DEM) data. In all, 210 wa-
ter and sediment samples were collected from the quarry open pits, production process 
and drainage water ponds, streams, springs, dug wells, plastic observation wells, 
drilled bedrock wells and some gravel pit ponds 4 times a year. Over 45 parameters 
were analyzed on site and in the laboratory from water and sediment samples. In order 
to evaluate the hydraulic properties of bedrock some short-term test pumping and re-
covery (slug) tests were also carried out.  
Only minor impacts on groundwater table or geochemistry were discovered. The 
impacts restricted to the actual quarry or to the close vicinity of it. This is due to size 
of the quarries, the weakly fractured bedrock in and around the quarrying area and 
non-acid and non-chemical generating operations. Geochemistry of groundwater re-
flects any signs associated with quarrying activities. The few detectable deviations 
from background values are explicable by natural local environmental and/or geologi-
cal factors. Measured hydraulic conductivity range for the quarried rocks, 10-10-10-7 
m/s, is typical for weakly fractured igneous and metamorphic rocks.  
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5.3 Radon content in wells drilled in hardrock – Assessment of 
causes using GIS and multivariate statistics 
 
Skeppström, Kirlna & Olofsson, Bo 
Royal Institute of Technology, Stockholm, Sweden 
 
ABSTRACT 
High radon concentration in drilled wells contributes to an increase risk of radia-
tion and is therefore a health threat. About 11% of drilled wells in Stockholm County 
are exceeding the recommendation value of 1000 Bq/l. A project was thus initiated 
with the aim of analysing causes for the raised radon content and finally, to develop a 
prediction methodology and strategy for municipal planning at regional and local 
scales. The first step involves the use of GIS including spatial analysis to investigate if 
natural factors on a regional level, such as geology, topography and land use are re-
lated to the radon content in specific drilled wells. The database consists of 1460 
drilled wells. The statistical analyses include PCA (Principal Component Analysis) 
and Kruskal-Wallis ANOVA by ranks. The project has shown so far that the factors 
geology, topography and the use of the well clearly affect the radon content. 
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5.4 Point-of-Use-devices for arsenic removal 
 
1Valve, Matti, 1Rantanen, Pirjo, 2Kahelin, Hanna & 3Heinonen, Soile 
1Finnish Environment Institute, Helsinki, Finland 
2Geological Survey of Finland, Espoo, Finland 
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ABSTRACT 
Besides radon, arsenic constitutes one of the most serious problems of the drink-
ing water quality in individual wells in Finland. The objective of this research was to 
find methods for the removal of arsenic from the well water of single households and 
to develop effective, reliable  and inexpensive arsenic removal equipment for house-
hold.  
Earlier tests with three commercial devices based on activated carbon filtration, 
adsorption of activated  alumina (AA), and ion exchange devices and subsequent tests 
with three commercial PoU reverse osmosis (RO) devices gave quite  discouraging re-
sults: all of the adsorption based or  reverse osmosis devices  turned out to be ineffec-
tive at all the test sites.  
Laboratory tests  on greensand, activated  alumina, and a commercial iron re-
moval adsorbent showed that only the activated alumina appeared to be the most effi-
cient of the adsorbents. Two of the AA adsorbents were chosen for an extended moni-
toring survey carried out, during which standard household conditions were simulated. 
The RO devices were tested with new thin film composite (TFC)  membranes. 
Five RO devices and one AA device were subsequently installed in households. 
The functioning of these devices were monitored during 6 – 18 months.  
The results showed that As(V) can be removed with RO using TFC-membranes. 
As(III) was harder to remove and the treated water As-concentration remained slightly 
above the 10 µg/l level. The AA device functioned satisfactory removing both As(III) 
and As(V) and the capacity of the device was adequate for 6 - 12 month operation be-
fore replacing of the adsorbent is needed. 
Guidelines for choosing the proper method for As removal is given. 
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5.5 Groundwater quality and yield of an aquifer system in frac-
tured crystalline bedrock area in Leppävirta, Eastern Finland 
 
1Klockars, Joonas, 2Breilin, Olli, 3Lipponen, Annukka &  4Kesola, Reino 
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ABSTRACT 
In the two main centres of Leppävirta municipality in Eastern Finland, altogether 
of 6000 inhabitants are using groundwater from crystalline bedrock for water supply. 
The water consumption is approximately 1 200 m3/d. This is the first case of extensive 
hardrock groundwater use in Finland. Since 1990s pumping tests, water quality ana-
lyses and geophysical surveying have been conducted in different phases. The investi-
gations were conducted together with the North Savo Regional Environment Centre 
the Geological Survey of Finland and the municipality of Leppävirta. In the recent 
study, geological mapping, drill logs and thin sections of rocks were used in order to 
characterise the well environments, allowing for comparison with groundwater quality 
parameters. 
The crystalline bedrock of the study area (50 km2) comprises mainly Archean and 
Svecofennian schists and Paleoproterozoic granitoids. Fracture zones were located 
from the topographic maps (DEM), the airborne geophysical data and refraction seis-
mic soundings. Pumping tests were made in 13 wells. The yield varied 45 – 400 m3/d. 
Currently, 8 wells are in production yielding 1 500 m3/d in total. In the Leppävirta 
case the economic yield of the production well is 100 m3/d. 
The analysis between yield of the bedrock wells and the seismic velocity of the 
fracture zone systems showed, that the seismic velocity is 3 500 – 3 800 m/s in a frac-
ture zone of the best pumping rate. The pumping rate was noted to depend also from 
the seismic velocity of the adjacent rocks. The specific discharge (q) was observed as 
a possible means of assessing variations of the hydraulic conductivity (k) in fracture 
zone systems. In Leppävirta area the hydraulic conductivity in fractured zones is 10-7 
– 10-5 m/s. 
Generally, the quality of the water has been good and stable, but in some wells 
the concentrations of iron (Fe), manganese (Mn) and radon (222Rn) exceed the rec-
ommended values of the Ministry of Social Affairs and Health, and light treatment is 
thus required. The concentrations of Fe, Mn and Rn vary between <0.05-4.3 mg/l, 
270-1300 mg/l and 200-2900 Bq/l, respectively. The amounts of the main cations, in 
particular calcium (Ca) and magnesium (Mg), and sulphate are highest in water 
pumped from wells bored in mica schist. This may result from a higher proportion of 
more weathering-prone mafic minerals in the schists. Concentrations of 222Rn are most 
clearly dependent on rock type and are highest in the wells in the granite area. In gen-
eral, high oxygen-dependent concentrations of Mn in particular and also Fe are asso-
ciated with thick layers of mineral soil.  
The bicarbonate waters of the wells are typical to Finland, with the exception of 
two wells in which sulphate dominates. The extraction history of these two wells is 
also the longest – approximately ten years. Mn contents in particular have increased in 
the two wells since the first pumping tests in 1991. It seems likely that the extraction 
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of groundwater has resulted in this change of quality, but this should be verified by a 
follow-up investigation.  
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5.6 The hydrogeochemical zonality in crystalline rocks of 
Western Sudetes (SW Poland) 
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University of Wroclaw, Institute of Geological Sciences,  Wroclaw, Poland   
 
ABSTRACT 
Based on hydrochemical data it has been determined the vertical zonality of 
groundwater chemistry in selected parts of Western Sudetes. The change of physical 
and chemical properties is visible with increasing depth within hardrocks of this area, 
built predominantly by granites and metamorphic rocks. 
The chemical composition of shallow groundwater up to the depth of 25-30 m 
depends not only on character of lithology and soils but also on human activities. 
Near-surface groundwater are SO4-Ca- or HCO3-Ca in composition with a low value 
of pH, SiO2 and F (less than 0,2 mg/dm3). The TDS content rarely exceeds 100 
mg/dm3. The results of investigations revealed a decrease in TDS content and pH with 
increasing altitude. Results of tritium tests indicate that shallow groundwater belongs 
to modern water with tritium concentrations often more than 20 T.U.  
At greater depths it has been observed the increase in TDS, Na, Ca, Mg, F, SiO2 
content and pH value. At the depth above 100 m occur fresh water of HCO3-Ca-Na 
type and with higher concentration of fluoride. The lack of  tritium indicates their ori-
gin prior to 1953 year.  
The deepest groundwater belongs to the mineral and thermal water of long dis-
tance circulation, which rise to the surface through a faulted zone within the granite 
massif in Cieplice Spa. They are mostly SO4-HCO3-Na in composition with TDS con-
tent 500-800 mg/dm3 and N2 gas. The concentration of fluoride is 7-13 mg/dm3 and 
silica (as H2SiO3) exceeds 100 mg/dm3. The lowest temperature of thermal water is 
about 20 0C but in deep boreholes on the depth of 2000 m, groundwater temperature 
reaches up to 87 0C. 
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